. Purpose: The objective of this study is to assess the effectiveness of a maternal exercise program (land/aquatic activities, both aerobic and muscular conditioning) in preventing gestational diabetes mellitus (GDM). Methods: Three hundred and forty-two pregnant women from Spain (age, 33.24 T 4.3 yr) without obstetric contraindications were recruited for a clinical randomized controlled trial. The intervention group (IG, n = 101) exercised for 60 and 50 min on land and in water, respectively, three times per week. The control group (n = 156) received usual standard care. Results: The prevalence of GDM was reduced in the IG group (IG, 1%, n = 1, vs control group, 8.8%, n = 13 (W 2 1 = 6.84, P = 0.009)) with a significant risk estimate (odds ratio = 0.103; 95% confidence interval, 0.013-0.803). Conclusion: The exercise program performed during pregnancy reduced the prevalence of GDM by preserving glucose tolerance.
D
iabetes is mostly attributed to obesity and physical inactivity, and in recent years, intrauterine exposure has been added as a contributing factor. If maternal glucose intolerance is present, the offspring may be predisposed to future disease risk (30) . This vicious circle can influence and perpetuate the incidence and prevalence of glucose intolerance (30) . Women with gestational diabetes mellitus (GDM) have an increased risk of developing type 2 diabetes (3).
The prevalence of GDM varies around the world, even between racial and ethnic groups in the same country. Currently, there is no consensus about the diagnostic criteria, making it difficult to obtain accurate estimates of prevalence between countries (from 1% to 16% depending on the population studied, the selection of protocols, and diagnostic criteria used) (27, 30) . The increased trend in the prevalence across the globe and the risks for public health cannot be ignored. In Spain, according to the diagnostic criteria of the National Diabetes Data Group, there is a prevalence of 8.8%
for GDM (28) . Exercise is an essential element for glucose metabolic control (25) and may prevent GDM.
Exercise increases the rate of glucose uptake in skeletal muscle, a process that is regulated by the GLUT4 transporter (37) . This explains the relationship observed between physical exercise and improvement in maternal glucose homeostasis and insulin sensitivity (14, 25, 32) . Similarly, exercise during pregnancy is associated with better glucose tolerance (25) . Studies report a lower administration of insulin in women with GDM who performed physical exercise versus those who remained inactive (10, 23) . There has also been a positive link between the initiation of exercise in women who were inactive the year before pregnancy and during pregnancy in preventing GDM (34) . However, the type, duration, and intensity of exercise during pregnancy to prevent GDM have yet to be defined (26) .
The purpose of the current study was to examine the efficacy of a physical exercise program during pregnancy to prevent GDM. It was hypothesized that a combined exercise program on land and water, employing aerobic and muscle toning activities, is an effective tool for the prevention of GDM.
METHODS
A randomized clinical trial was designed, controlled, and unmasked. It included two study groups: intervention group (IG) that followed a program of physical exercise and a control group (CG) that remained inactive. (This study was registered at www.clinicaltrials.gov, identifier: NCT01790412.)
To obtain a minimum power of 80% in the analysis of the relationship between the introduction of exercise and the appearance of GDM, a medium effect size was set with a 95% level of confidence (> = 0.05). The size of the sample was calculated as a minimum of 87 subjects per group (9) .
Participants
Pregnant women living in the health care area of Hospital Puerta de Hierro, Madrid, Spain (age, 33.24 T 4.3 yr), were recruited at 10 to 12 wk of gestation from their first trimester ultrasound appointment. None of the women experienced medical obstetric contraindications (1) , and all of them had medical clearance for physical exercise. They were not previously familiar with the types of exercise included in the program. A minimum of 80% adherence to the exercise classes was required for women assigned to the IG.
Physical Activity Program
The physical activity program was carried out between weeks 10 and 14 to the end of the third trimester. Women in the IG exercised for 50-to 60-min sessions, three sessions per week, two on land (gym hall) and one as an aquaticwater-based activity (small and large pool tanks). The exercise intensity was set through Borg's scale-between 6 (without effort) and 20 (maximum effort) (4) . For the exercise sessions, level 12-14 was maintained-i.e., somewhat strong (2). In addition, maternal HR was assessed by using an HR monitor (Accurex Plus, Polar Electro OY, Finland) and exercise intensity was modulated in order not to surpass 60% of the calculated HR reserve [(220 j age) j (resting HR) Â 60%] + resting HR (17) . To maximize patient safety and adherence to the training program and its efficacy, all of the sessions were supervised by a qualified fitness specialist (working with groups of 10-12 women) with the assistance of an obstetrician.
On-land session. The land sessions were divided into specific parts: phase 1 consisted of activation and physical and psychological preparation. These were composed of various displacements following distinct forms, locomotive games, articular movement, and light stretches. After this, lowimpact aerobic choreography was followed (aerobics, fitness, modern dance, Latin dance, cardio boxing, rhythm, and percussion). In the following phase, body toning was achieved through muscular exercise/work directed at almost all muscle groups (abdominal exercises were avoided). A program of two series of 15 repetitions was completed for each of different muscle groups: biceps and triceps exercises with dumbbells weighing 2 kg and quadriceps stimulation using lunges and gluteal work on all fours using their body weight.
Exercises that involved the Valsalva maneuver, extreme stretching, joint overextension, ballistic movements, and jumping were specifically avoided. Furthermore, the exercises were performed in the supine position for no longer than 2 min.
As to the pelvic floor exercise block, an initial identification and awareness phase took place (in the first month) followed by work focusing on slow and fast contractions in the affected zones, in different positions, and gradually increasing the volume of work, culminating at approximately 100 repetitions per session. In the final cool down phase, work was focused on the flexibility of the muscular groups most affected by pregnancy: the lumbar area, gluteus, psoas, calf muscles, neck, and shoulders. This block included additional relaxation and visualization exercises, self-massage, and pair massage.
The sessions were accompanied by music with a range of 110 to 168 bpm in the active phase of each session, while a range of 66 to 76 bpm was used in the pelvic floor and cool down phase.
Materials like foam rubber balls of differing sizes, elastic bands, Pilates rings, 2-kg dumbbells, 1-kg dumbbells, 45-cm Swiss balls (fitness balls), mats of different sizes and thicknesses, and rolled or wedged pillows were used.
Aquatic activities. Aquatic sessions included an initial activation (various displacements and smooth movements of the upper and lower body). The central part of the work was divided between (a) displacements while swimming (except butterfly style) and (b) strength exercises and aquatic activities (propulsion exercises). The final part consisted of flexibility exercises, relaxation, and breathing in the small pool tank.
Aquatic materials like foam rubber balls of differing sizes, swimming accessories such as floats, pull buoys (buoyancy aiding devices), water noodles, armbands, and rubber rings were used. Swimming mitts were also provided for muscle conditioning and floating weights for resistance to movement. Water temperature was 28.5-C-29-C.
Timing of sessions. The land aerobic sessions consisted of a gradual warm-up (10 min), aerobic choreography (20 min), resistance exercises (12 min), pelvic floor exercises (10 min) followed by stretching (8 min).
The aquatic activities included a gradual warm-up (10 min), a core session of swimming laps, step climbs, lunges and strength exercises in the water (30 min), and stretching (10 min). All sessions were supervised by a qualified fitness specialist (working with groups of 10-12 women).
Variables of the Study
The primary outcome. The primary outcome was the diagnosis of GDM. The National Diabetes Data Group criteria were followed and included a 50-g maternal glucose screen (MGS) at 24-28 wk of gestation, which was to determine plasma glucose 1 h after a 50-g load of glucose administered orally. The screen test was considered positive when the values were equal or greater than 140 mgIdL j1 (7.8 mmolIL j1 ). If the screen test was positive, the women were required to have a fasted oral glucose tolerance test (OGTT) before 30 wk of gestation with data taken from medical records: 100 g of glucose load with blood samples taken fasted and at 1, 2, and 3 h postglucose ingestion. Positive results were fasting glucose equal to or greater than 105 mgIdL j1 (5.8 mmolIL ), when values were equal to or greater than 190 mgIdL j1 (10.
) at 3 h. Diagnosis of GDM occurred if there were at least two abnormal results in the OGTT.
Other pregnancy outcomes. Excessive maternal weight gain was defined according to prepregnancy body mass index (BMI) (20) . If prepregnancy BMI was below 18.5 kgIm j2 , the healthy weight gain range was between 12.5 and 18 kg; if BMI was between 18.5 and 24.9 kgIm j2 , the recommendations were between 11.5 and 16 kg; if BMI was between 25 and 29.9 kgIm j2 , healthy weight gain recommendations were between 7 and 11.5 kg; and if BMI was greater than 30 kgIm j2 , weight gain should be between 5 and 9 kg (20) . Weight gain data were taken from medical records.
Gestational age at delivery, type of delivery, birthweight, and length were recorded from medical records. Birthweight less than 2500 g was considered a low-birthweight baby, and birthweight above 4000 g was defined as macrosomic (7).
Maternal characteristics. Maternal characteristics recorded from medical records and an initial interview were as follows: age, prepregnant BMI, family history of diabetes, previous GDM, parity, previous miscarriages, history of low birthweight, history of preterm delivery, smoking habits in pregnancy, occupational activity, hours standing, and exercise habits before gestation.
Statistical Analyses
Statistical analyses were performed with the Statistical Package for Social Sciences software (20.0 version for Mac, Chicago, IL). Data are presented as mean T SD or n% accordingly. Student's t-test was used to compare the means in independent samples (age, prepregnant BMI, 50-g MGS, the OGTT, gestational age, birthweight, and length of newborn). Different variances were assumed when Levene's statistic was less than 0.05. Pearson W 2 was used for categorical variables (family history of diabetes, previous GDM in pregnancy, parity, previous miscarriages, history of low birthweight, history of preterm delivery, smoking habits in pregnancy, occupational activity, hours standing, exercise habits before gestation, altered 50-g MGS, cases of GDM, excessive weight gain according to prepregnancy BMI, type of delivery, and appropriate weight at birth), concentrating on the probability in P G 0.05. In the analysis of the categorical tests, Haberman's adjusted residuals were used to interpret with precision the detected association. Logistic regression procedures were used to assess risk estimation (odds ratio (OR)) of GDM in relation to IG and CG. To test the hypothesis of normality, the Kolmogorov-Smirnov test was used.
agreement with the last modification of the Declaration of Helsinki (36), 122 of whom were randomized to the IG and 220 were randomized to the CG.
During the course of the study, 21 pregnant women from the IG were excluded (16.4%) because of the following: lost to follow-up (n = 2), discontinued intervention (n = 7), risk for premature labor (n = 3), hypertension (n = 2), incompetent cervix (n = 2), and personal reasons (n = 5). Sixty-four women from the CG were excluded (29.1%) because of the following: lost to follow-up (n = 43), restricted intrauterine growth (n = 3), risk for premature labor (n = 3), hypertension (n = 2), premature rupture of membranes (n = 2), and personal reasons (n = 11). The final number of pregnant women analyzed was 257 (Fig. 1) .
In Table 1 , maternal characteristics at the beginning of the study are presented. No significant differences between groups were found.
There were no significant differences for the 50-g MGS values between the groups; however, the glucose values corresponding to the OGTT at 180 min showed that the IG had lower values (IG, 98.00 T 29.48 mgIdL j1 , vs CG, 116.25 T 29.90 mgIdL j1 (t 64 = 2.37, P = 0.021)). There was a significant difference between the number of cases diagnosed with GDM between the two groups (IG, 1%, n = 1, vs CG, 8.8%, n = 13 (W 2 1 = 6.84, P = 0.009)). Women who engaged exercise program during pregnancy compared with CG experienced a 90% reduced risk of GDM (OR = 0.103; 95% confidence interval (CI), 0.01-0.803) ( Table 2 ).
Significant differences were found between groups in excessive maternal weight gain according to prepregnancy BMI classes (IG, 22.8%, n = 23, vs CG, 34.8%, n = 54 (W 2 1 = 4.23, P = 0.04)). No other significant differences were found in any other pregnancy outcomes (Table 3) .
DISCUSSION
Maternal exercise using both aerobic and muscular conditioning on land and in the water with high compliance reduced the incidence of GDM, is strongly associated with a decrease in gestational weight gain, and preserved glucose tolerance (Table 2 ).
There is controversy that physical exercise during pregnancy prevents GDM. Callaway et al. (5) , with a sample of 25 subjects per arm and an individualized exercise program via e-mail and telephone support from week 12 in obese women, found improvement in glucose tolerance. Dye et al. (15) used the same statistical treatment as the present study, with contingency tables and Pearson W 2 to examine differences in prevalence, and found reduced rates of GDM in pregnant women with a BMI greater than 33 kgIm j2 . Physical exercise was measured through telephone interviews. Dempsey et al. (12, 13) reported that women engaging in some sort of recreational physical activity during pregnancy reduced the risk of GDM. They emphasized physical activity during early Data are expressed as mean T SD, unless otherwise indicated. Data are expressed as mean T SD, unless otherwise indicated. Glucose data were not available for 11 women. *P G 0.05.
gestation. Liu et al. (22) reported that physical activity reduced the prevalence of GDM in women. Both studies were observational and information was collected through surveys (12, 22) . Stafne et al. (33) conducted a similar study, with moderate-to vigorous-intensity exercise in healthy pregnant women independent of BMI, but their trial started later in pregnancy at 18-22 gestational weeks and no differences were reported between the groups. It may be that early exercise intervention may be key to GDM prevention. In the present study, exercise also reduced excessive maternal weight gain. Avoiding excessive weight gain during pregnancy can prevent excessive weight retention after birth (6, 16, 20) . There is increasing evidence that reports better control of glucose metabolism in pregnant women who exercise compared to those who remain sedentary, both in healthy pregnant women and in pregnant women diagnosed with GDM (5, 10, 11, 18, 24, 29) . Furthermore, increase lipid blood levels in pregnancy due to excessive gestational weight gain may be linked to insulin resistance (6, 8) and may be a factor in developing GDM (25) .
Weight gain and obesity promote type 2 diabetes in nonpregnant women (21) . In the gestational period, the literature focuses on and reports the existence of predisposition to diabetes in obese women (25, 35) rather than the independence of the prepregnancy BMI category. Also, in recent years, a relationship has been found between excessive weight gain according to the Institute of Medicine BMI classification for weight gain recommendations and glucose intolerance without actually resulting in the pathology (19) . Our study fails to statistically confirm that a causal relationship between both variables exists, but the literature seems to indicate so. In an epidemiological study, weight gain during pregnancy and the incidence of GDM were shown to be causally related (31) .
Many studies evaluating the role of physical exercise on pregnancy outcome and the prevention of GDM used different intervention protocols such as the provision of several prenatal visits or contact via email/telephone (5,15), or observational studies in which information about the physical activity performed by the mother is collected through interviews/questionnaires (12, 15, 22) .
There are only a few studies in which all program sessions take place in groups and with the supervision of obstetricians and those qualified in Exercise Science for the guidance of the program. In our opinion, the fact that we offered a dynamic, controlled supervised program, with a variety of options in the sessions, and using the dynamics of a group, resulted in a high level of adherence and, therefore, may explain the effectiveness of our protocol. Compliance may be an important issue when evaluating the efficacy and effectiveness of any randomized controlled trial, especially relating to an intervention during pregnancy. The main limitation of the present study was that there was no nutrition analyses but all women were exposed to the same standard care that emphasizes healthy eating and a healthy lifestyle. The only difference between the groups was the exercise program.
Overall, physical inactivity is associated with the risk of glucose intolerance (18) , and physical activity is associated with better response to glucose metabolism (11), but there is a lack of specific recommendations regarding frequency and type of exercise, when to start, the duration, and the intensity of the exercise sessions that can provide effective results for the prevention of the disease (24) . Based on our results, to reduce the incidence of GDM, a frequency of at least three times per week, with a mixture of aerobic and muscle conditioning exercise, on land and in water, with sessions lasting at least 50 min with 10-min warm-up and 10 min cool down, with an intensity of 60% predicted HR reserve (12-14; somewhat strong on Borg's scale), may be suggested.
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